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SUMMARY 


Iron  ore  mining  and  benef iciation  is  the  major  industry  in 
the  Study  Area.  Six  of  the  seven  major  iron  producing  dis- 
tricts of  Michigan  having  historic  or  current  production  are 
located  within  the  defined  area.  Numerous  occurrences  of 
other  metallic  minerals,  including  gold,  silver,  lead,  cop- 
per, zinc,  and  uranium,  have  been  documented,  but  no  mine  is 
currently  producing  ore  from  any  of  these  deposits.  Many  of 
these  deposits  have  unproved  reserves;  however,  the  larger 
ones  may  constitute  resources  that  may  be  economically  ex- 
tractable in  the  next  several  decades.  A small,  but  stable 
industry,  involving  the  production  of  industrial  minerals 
from  numerous  pits  and  quarries,  rounds  out  the  mineral-based 
industry  of  the  region. 

Cumulative  production  of  iron  ore  from  the  more  than  200 
historic  iron  mines  in  the  region  exceeds  750,000,000  tons. 
Six  mines  currently  are  producing  iron  ore  in  the  Study  Area, 
and  construction  and  development  work  is  scheduled  to  begin 
on  a seventh  iron  mine  in  April  1976.  Total  production  from 
the  district’s  mines  in  1974  amounted  to  11,500,000  long  tons 
(2,200  pounds)  of  iron  ore  pellets  and  direct-shipping  ore 
having  a total  value  of  $214,000,000.  The  current  (1976) 
capacity  of  these  iron  mines  is  approximately  17,000,000 
long  tons  of  pellets  and  ore,  and  the  anticipated  capacity 
of  existing  and  planned  facilities  for  1985  is  about 
30,000,000  long  tons.  Most  of  the  iron  production  for  the 
next  25  years  will  be  from  the  Marquette  Basin. 

The  Keweenaw  Peninsula,  a region  having  considerable  his- 
toric copper  production,  lies  to  the  north  of  the  Study  Area. 
Practically  all  of  the  copper  mines  in  the  peninsula  are 
currently  inactive. 

Iron  is  mined  from  relatively  thin,  iron-rich  beds  within 
the  Precambrian  metasedimentary  sequence.  To  the  north  of 
the  Study  Area,  copper  has  been  mined  from  the  Portage  Lake 
Lava  Series.  Geologic  settings  having  a potential  for 
future  mineral  production  include  1)  various  greenstone 
belts  as  sources  of  precious  metals  and  base  metals; 

2)  the  Michigamme  Slate  as  a source  of  uranium;  and 

3)  shale  interbeds  in  the  Kona  Dolomite  as  sources  of  cop- 
per. Iron  production  will  undoubtedly  continue  for  several 
decades,  and  there  is  considerable  potential  for  increased 
output  from  the  mining  of  lower  grade  deposits  and  the  re- 
working of  old  waste  dumps  as  new  benef iciation  processes 
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are  developed.  Numerous  deposits  of  sand  and  gravel  as 
well  as  other  nonmetallic  minerals  exist  throughout  the 
Study  Area,  but  they  generally  have  not  been  of  major 
economic  significance  because  of  low  demands. 

The  locations  of  all  significant  mining  areas  are  shown  on 
the  Mineral  Extraction  Data  Map.  Also  shown  are  areas 
having  historic,  anticipated,  or  potential  significance  for 
the  production  of  metallic  minerals.  Identification  of 
these  areas  is  based  on  favorable  bedrock  types,  known  min- 
eral occurrences,  and  proximity  to  existing  or  planned 
mines.  Bedrock  and  surficial  geologic  conditions  having  a 
direct  relationship  to  mineral  deposits  are  shown  on  the 
Bedrock  and  Surficial  Geologic  Data  Maps. 
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EVOLUTION 


Processes  and  Time  Leading  to  the  Existing  Conditions 
Evolution  of  Mineral  Deposits 

Iron  Formation:  An  iron  formation  is  a sedimentary  rock 

rich  in  iron  and  composed  mainly  of  chemical  precipitates. 

This  type  of  rock  is  thought  to  have  formed  in  basins  of  re- 
stricted circulation  into  which  rivers  that  drained  areas  of 
intense  chemical  weathering  and  leaching  discharged.  The 
character  of  iron  formation  mineralogy  is  thought  to  be  re- 
lated to  the  oxidation-reduction  potential  of  the  ancient 
marine  environment,  perhaps  being  controlled  by  water  depth, 
circulation,  and  distance  from  shorelines.  During  the 
course  of  formation  of  this  rock  type,  iron  was  precipitated 
from  solution  in  sea  water  as  oxides  (magnetite,  hematite) , 
carbonates  (chiefly  siderite) , silicate  (glauconite) , or 
sulfide  (pyrite  minerals) , in  association  with  silica  (chert) , 
carbonates  and  fine  grained  clastic  sediments.  The  sedimen- 
tary beds  thus  deposited  subsequently  were  subjected  to 
structural  deformation  by  folding  and  faulting,  and  to  meta- 
morphic  alterations  by  heat  and  pressure.  The  formations 
also  were  locally  affected  by  solution  leaching,  which  had 
the  important  consequence  of  removing  silica  and  leaving  the 
rock  relatively  enriched  in  iron  oxide.  The  present  distri- 
bution of  iron  formations  are  thus  controlled  by  relation- 
ships between:  original  basins  of  deposition,  structural 

deformation  by  folding  and  faulting;  depth  of  erosion; 
subsequent  metamorphism,  and  in  particular  the  degree  to 
which  the  formations  have  been  relatively  enriched  through 
selective  leaching  of  silica  and  carbonate. 

Ore-grade  concentrations  of  manganese  occur  locally  within 
the  iron  formations.  Identified  manganese  minerals  are 
oxides  and  are  interpreted  as  secondary  deposits,  postdating 
deposition  of  the  iron  formations.  The  manganese  apparently 
was  dissolved  from  primary  host  rocks,  then  transported  and 
concentrated  by  selective  precipitation  from  ground  water. 

Native  Copper  Deposits:  The  Northern  Michigan  native  copper 

deposits  of  the  Keweenaw  Peninsula,  to  the  north  of  the 
Study  Area,  are  localized  within  favorable  zones  in  the  in- 
terlayered  basaltic  flows  and  conglomerates  of  the  Keweenawan 
sequence.  The  evolution  of  these  deposits  depended  on  a 
succession  of  events,  beginning  with  the  deposition  of  host 
rocks  having  suitable  internal  fabric  and  permeability  to 
transmit  copper-bearing  solutions.  The  solutions  may  have 
been  derived  either  from  magmatic  sources,  or  from  the 
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leaching  of  native  metals  under  conditions  of  low  pressure 
and  temperature.  Subsequent  to  the  initial  episode  of 
mineralization,  the  deposits  have  undergone  relatively  lit- 
tle alteration,  though  the  host  rocks  of  the  Portage  Lake 
Lava  Series  have  been  mildly  deformed  by  folding  and  fault- 
ing. 

Between  1967  and  1973  the  mines  exploiting  the  northern 
Michigan  copper  deposits  had  been  inactive.  The  reason  for 
this  inactivity  was  not  the  lack  of  ore  reserves  per  se,  but 
labor  troubles  combined  with  mining  conditions  that  did  not 
allow  the  northern  peninsula  mines  to  compete  economically 
with  foreign  suppliers  and  the  large  copper  porphyry  open 
pit  mines  of  the  southwestern  United  States.  However, 
Homestake  Mining  Company  reopened  one  of  the  old  calumet  and 
Hecla  underground  properties,  about  20  miles  north  of  the 
Study  Area,  during  1973.  Work  since  then  has  been  confined 
to  exploration  and  development,  with  no  ore  having  been 
smelted  or  shipped. 

Base-Metal  and  Precious  Metal  Deposits  in  Greenstone  Belts 
and  Related  Metamorphic  Rocks;  Much  of  the  metal  production 
from  the  southern  part  of:  Ontario,  Canada,  has  come  from  ore 
deposits  related  to  three  large  geologic  units  having  simi- 
lar lithology  and  structure.  These  three  units  are  called 
"greenstones,"  they  are  Archean  in  age,  and  they  represent 
complete  magmatic  crystallization  sequences  ranging  from 
ultramafic  rocks  through  felsic  rocks  (Goodwin,  1971) . The 
ore  deposits  are  massive  sulfide  bodies,  and  most  are  asso- 
ciated with  the  late-crystallizing  felsic  rocks. 

Four  units  of  somewhat  similar  lithology  occur  in  and  around 
the  Study  Area  (Figure  1) . These  units  have  been  called 
"greenstone  belts"  by  Bodwell  (1972)  who  attempted  to  point 
out  similarities  between  them  and  the  three  Canadian  Shield 
greenstones.  However,  several  major  dissimilarities  are 
obvious  in  the  context  of  metallic  mineralization.  The  more 
significant  of  these  dissimilarities  are  as  follows:  1)  The 
Michigan  "greenstones"  are  primarily  basaltic  lavas,  and 
although  some  felsic  rocks  are  present,  they  appear  to  be 
minor  constituents  in  terms  of  the  entire  greenstone  belt. 
However,  major  parts  of  the  Michigan  greenstone  belts  are 
covered  by  glacial  drift  that  may  conceal  mineralized  felsic 
rocks;  2)  Most  of  the  reported  mineralization  in  the  Mich- 
igan greenstones  occurs  in  epigenetic  quartz  veins  rather 
than  as  syngenetic  magmatic  differentiation  deposits  similar 
to  those  of  the  Canadian  Shield. 
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Of  the  four  greenstone  belts,  only  one  is  Archean  in  age, 
the  Marquette-Dead  River  belt.  The  Marquette-Dead  River 
belt  has  been  explored  extensively,  and  it  is  reported  to 
have  numerous  occurrences  of  base-metal  sulfides  and  gold. 
Most  of  the  gold  produced  in  the  Study  Area  came  from  three 
mines  in  the  Marquette-Dead  River  belt.  For  the  most  part, 
mineralization  occurs  in  quartz  veins,  although  disseminated 
sulfides  have  been  found  within  the  host  rock  at  some  local- 
ities . 

The  three  Huronian  greenstone  belts  are  the  Badwater-Brule 
belt,  the  Hemlock  belt,  and  the  Quinnesec  belt.  Minor  base- 
metal  and  precious  metal  mineralization  has  been  reported 
for  these  rocks,  but  no  production  or  significant  amounts  of 
exploratory  work  hav~  been  documented. 

Placer  Deposits:  Minerals  that  are  chemically  stable  at  the 

earth's  surface  resist  weathering.  As  surrounding,  less 
stable  rocks  are  dissolved  and  disintegrated,  they  either 
are  carried  away  by  surface  water  or  remain  and  become  part 
of  a soil  horizon.  Lighter  particles  are  moved  more  readily, 
while  heavy  minerals  tend  to  become  residual  deposits.  With 
the  passage  of  time,  movements  of  the  particles  result  in  a 
natural  segregation  by  specific  weight.  This  results  in 
zones  where  heavy  particles  are  concentrated.  Such  heavy 
minerals  could  occur  as  residual  concentrations  near  bedrock 
outcrops.  Also,  heavy  minerals  may  be  washed  into  streams 
and  accumulate  in  sand  bars  or  other  irregularities  along 
channel  bottoms  where  stream  velocities  are  reduced.  Concen- 
trations of  both  types  are  called  placer  deposits. 

Within  the  Study  Area,  one  "placer  gold  deposit"  has  been 
reported  in  the  Yellow  Dog  Plain  of  northern  Marquette 
County.  Here  placer  gold  was  said  to  have  been  concentrated 
in  a large  glacial  outwash  plain  by  a number  of  small  streams 
that  originated  at  the  front  of  a melting  glacier.  However, 
extensive  exploratory  work  conducted  by  two  mining  companies 
during  1974  and  1975  failed  to  show  any  economic  concentra- 
tions of  placer  gold  in  the  Yellow  Dog  Plain. 

Uranium  Mineralization  in  the  Michicfamme  Slate:  The  exis- 

tence  of  relatively  high  concentrations  of  uranium  in  the 
Middle-Precambrian  Michigamme  Slate  has  been  reported  by 
several  investigators.  The  locations  and  relative  concen- 
trations of  uranium  in  this  unit  formerly  were  thought  to  be 
solely  related  to  this  initial  depositional  environment. 
However,  recent  investigations  of  similar  deposits  elsewhere 
has  provided  evidence  to  indicate  the  possibility  that 
uranium  concentration  may  be  related  to  post-lithif ication 
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deformation  that  occurred  when  the  shales  were  metamorphosed 
to  slates.  This  recent  hypothesis  has  caused  renewed  inter- 
est in  the  Michigamme  Slate  as  a host  rock  for  economic 
uranium  mineralization,  and  at  least  one  organization  was 
actively  conducting  an  exploration  program  during  1975. 

Copper  Mineralization  in  the  Kona  Dolomite:  The  Kona  Dolo- 

mite is  a Middle-Precambrian  metasedimentary  unit  consisting 
of  thick  beds  of  dolomite  interbedded  with  thinner  layers  of 
shale  that  have  undergone  low  grade  metamorphism.  Copper 
mineralization  is  present  in  several  of  the  shale  layers  in 
concentrations  that  currently  make  them  almost  economically 
recoverable.  The  origin  of  this  copper  mineralization  is  a 
matter  of  debate.  One  school  feels  that  the  copper  was 
deposited  along  with  the  fine-grained  sediments  of  the 
shale,  while  the  opposing  school  feels  that  the  copper  was 
emplaced  by  secondary  enrichment  subsequent  to  the  lithifi- 
cation  of  the  shales.  Regardless  of  the  origin  of  these 
deposits,  they  may  become  economically  mineable  by  the  end 
of  this  century. 

Evolution  of  the  Mining  Industry 

Iron  ore  was  discovered  in  the  Upper  Peninsula  in  1844,  when 
a government  survey  party  noticed  erratic  compass  behavior. 
The  cause  of  this  disturbance  was  investigated  by  Michigan 
State  geologists,  and  was  reported  to  be  "Spathose  and 
magnetic  ores  abounding  in  the  area."  This  discovery  of 
iron-bearing  rocks  and  an  earlier  discovery  of  extensive 
copper  deposits  on  the  Keweenaw  Peninsula  were  probably  the 
largest  mineral  finds  in  the  Midwestern  United  States  during 
the  19th  century.  Word  of  the  iron  deposits  spread  rapidly, 
and  by  1846,  more  than  100  new  iron  mining  companies  had 
been  formed.  Since  the  beginning  of  production,  approxi- 
mately 750,000,000  tons  of  iron  ore  have  been  mined  in  this 
region . 

Anticipated  Future  Conditions 

Although  iron  is  the  only  significant  mineral  resource  cur- 
rently being  mined  in  the  Study  Area,  there  exists  real  po- 
tential for  future  production  of  large  quantities  of  other 
mineral  resources.  Man's  activities  could  have  effects  on 
future  mineral  extraction  in  the  Study  Area,  and  conse- 
quently the  potential  for  future  mining  operations  must  be 
considered. 

The  production  of  iron  ore  most  likely  will  continue  to  be 
the  major  industry  in  the  Study  Area  for  the  remainder  of 
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this  century.  It  is  doubtful  that  any  large  bodies  of 
direct-shipping  ore  remain  undiscovered.  However,  by  the 
year  2000,  essentially  all  the  iron  ore  produced  in  the 
United  States  will  come  from  lower  grade  taconite  deposits. 
The  Lake  Superior  district  (including  iron  deposits  in 
Minnesota,  Michigan,  and  Wisconsin)  will  be  the  principal 
domestic  source  of  this  ore. 

Six  mines  currently  are  producing  iron  ore  in  the  Study 
Area,  and  construction  and  development  work  is  scheduled  to 
begin  on  a seventh  iron  mine  in  April  1976.  Two  additional 
properties  may  be  developed  by  the  end  of  the  century.  The 
current  (1976)  capacity  of  the  existing  iron  mines  is  approx- 
imately 17,000,000  long  tons  of  pellets  and  ore,  and  the 
anticipated  capacity  of  existing  and  planned  facilities  for 
1985  is  about  30,000,000  long  tons.  Most  of  the  iron  pro- 
duction in  the  Study  Area  during  the  next  25  years  will  be 
from  the  Marquette  Basin. 

There  has  been  an  increase  in  mining  of  lower  grade  ores 
that  must  be  treated  in  metallurgical  plants  to  produce  a 
product  that  is  richer  in  iron  than  the  ore  from  the  mine. 

In  addition  to  this  iron-rich  concentrate  (usually  in  the 
form  of  small,  round  pellets) , the  mills  produce  large 
amounts  of  finely  ground  waste  rock,  called  tailings.  The 
tailings  are  disposed  of  by  transporting  them  as  a slurry  to 
a tailings  dam,  where  the  solids  settle  out  and  the  liquid 
evaporates  or  is  decanted  off.  As  larger  tonnages  of  lower 
grade  ore  are  mined,  correspondingly  greater  areas  will  be 
needed  for  the  construction  of  tailings  disposal  areas.  The 
total  area  required  for  these  dams  eventually  will  exceed 
several  thousand  acres,  and  the  accumulated  solids  may  reach 
a thickness  of  100  feet  or  more  above  the  original  ground 
surface. 

A problem  related  to  iron  mining  is  the  subsidence  of  the 
ground  surface  in  areas  underlain  by  active  and  inactive 
underground  mines.  Although  the  trend  today  is  away  from 
underground  mines  and  toward  deeper  open  pits,  many  inactive 
underground  mines  do  exist  in  the  Study  Area.  The  Institute 
of  Mineral  Research,  in  Houghton,  is  collecting  data  on 
subsidence,  and  their  records,  although  not  yet  complete, 
indicate  that  most  of  the  documented  subsidence  has  occurred 
in  and  around  the  population  centers  of  Iron  River,  Crystal 
Falls,  Ishpeming,  and  Iron  Mountain. 

No  copper  is  currently  being  mined  in  the  Study  Area,  but 
documented  areas  of  copper  mineralization  exist  in  the 
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Huronian  Kona  Dolomitic  sedimentary  rocks  southeast  of 
Marquette.  These  deposits  may  become  economically  mineable 
by  the  end  of  the  century. 

One  of  the  most  promising  areas  for  future  metallic  mineral 
exploration  is  a greenstone  belt  extending  over  an  area  of 
400  square  miles  north  of  Ishpeming  and  west  of  Marquette 
(Figure  1) . All  recorded  gold  production  in  the  Upper 
Peninsula  came  from  this  belt,  which  contains  about  fifty 
reported  occurrences  of  copper,  lead,  zinc,  gold,  and  sil- 
ver. This  greenstone  unit  is  somewhat  similar  to  the  host 
rock  of  several  large  metal-producing  districts  in  Canada, 
specifically  Manitouwadge , Noranda  Kirkland  Lake,  and  Tim- 
mins. Three  other  similar  volcanic  belts,  varying  from  4 to 
225  square  miles  in  area,  exist  within  the  Study  Area 
(Figure  1) . 

Future  production  of  uranium  from  the  highly  conductive, 
graphitic-pyritic  Michigamme  Slate  also  is  a possibility  to 
be  seriously  considered. 

Conflicting  information  exists  on  the  economic  potential  of 
the  Yellow  Dog  Plain  for  placer  gold  deposits.  The  most 
recent,  and  probably  the  most  thorough,  data  were  collected 
during  two  independent  exploration  programs  conducted  in 
1974  and  1975.  Both  of  these  investigations  concur  in 
concluding  that  the  Yellow  Dog  Plain  is  essentially  "out  of 
the  running"  as  a mineral  resource  for  the  foreseeable 
future. 

Numerous  sites  for  the  potential  production  of  nonmetallic 
minerals,  including  sand  and  gravel,  building  stone,  crushed 
rock,  limestone,  and  clay,  exist  within  the  Study  Area. 
Because  these  sites  are  so  numerous  and  there  is  not  a large 
demand  for  these  relatively  low  unit-value  materials  in  the 
Study  Area,  these  deposits  probably  are  not  of  great  econ- 
omic value. 

The  metallic  mineral  deposits  described  above  are  of  consid- 
erable importance  because  of  the  increasing  scarcity  of  high 
grade  metal  deposits.  Many  of  the  world's  richer  deposits 
are  already  exhausted.  Consequently,  the  development  of 
both  medium  grade  and  extensive  low  grade  deposits  are 
important  considerations  in  assuring  a future  supply  of 
metals . 

Additional  exploratory  work,  directed  at  finding  currently 
unrecognized  metallic  mineral  deposits,  undoubtedly  will  be 
conducted  in  the  future.  These  programs  will  include  both 
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conventional  geologic  methods,  such  as  mapping  and  drilling, 
and  geophysical  methods.  Most  of  the  geophysical  methods 
that  have  proven  useful  in  the  past  involve  the  measurement 
of  variations  in  induced  electrical  fields  or  in  the  earth's 
magnetic  field.  These  methods  include  induced  polarization 
and  both  airborne  and  terrestrial  electro-magnetic  surveys. 
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DISTINCTIVE  UNITS  AND  CHARACTERISTICS 


Introduction 


This  section  of  the  report  presents  a brief  discussion  of 
the  mineral  deposits  and  the  geologic  setting  in  which  they 
occur.  The  regional  geologic  conditions  described  in  Geo- 
logic Setting  of  the  Mineral  Deposits  are  meant  to  provide 
background  information  useful  in  understanding  the  descrip- 
tions of  individual  mining  districts.  A more  detailed 
description  of  the  bedrock  geology  of  the  region  appears 
in  the  Bedrock  Geologic  Data  Report. 

Mining  Districts  And  Mineral  Deposits  consists  of  descrip- 
tions of  individual  mining  districts  that  are  currently  in 
production  or  have  been  in  production  in  the  past.  This 
section  is  divided  into  two  general  categories:  1)  Metal- 

lic Mineral;  and  2)  Nonmetallic  Minerals.  Appendix  A con- 
tains additional  detail  on  specific  mining  districts  and 
individual  mines. 

Most  of  the  material  presented  in  this  section  of  the  report 
deals  with  iron  ore  deposits,  as  they  are  the  most  numerous, 
have  been  the  most  important  economically,  and  represent  the 
major  known  economic  reserves  of  the  region. 

Geologic  Setting  Of  The  Mineral  Deposits 

Most  of  the  metallic  mineral  deposits  of  the  Upper  Penin- 
sula occur  in  Precambrian  rocks,  specifically  the  Archean 
Series,  the  Huronian  Series,  and  the  Keweenawan  Series.  The 
Archean  rocks  are  the  oldest  group,  and  they  consist  of 
altered  lava  flows  intruded  by  granite. 

The  next  younger  rock  series,  the  Huronian,  is  largely  a 
thick  section  of  sedimentary  rocks  that  overlaps  the  Archean 
Series.  These  sedimentary  units,  mainly  shales,  sandstones, 
quartzites  and  dolomites,  have  been  intruded  by  basic  igne- 
ous rocks,  also  of  Huronian  age.  Metamorphic  rocks,  mainly 
slates  and  marbles,  occur  elsewhere  in  the  Huronian  section. 
The  Huronian  sedimentary  section  also  contains  several  iron- 
rich  units  known  as  "iron  formations." 

The  youngest  Precambrian  rocks,  the  Keweenawan  Series,  are 
principally  lava  flows  and  conglomerates,  with  minor  units 
of  shale  and  sandstone.  Keweenawan  rocks  are  the  host  for 
Michigan's  native  copper  deposits.  Because  they  have  been 
subjected  to  less  tectonic  activity  and  erosion  than  the 
Archean  and  Huronian  rocks,  their  history  has  generally  been 
easier  to  interpret. 
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Shallow-dipping  Paleozoic  sedimentary  rocks  overlie  the  Pre- 
cambrian  sequence  and  crop  out  in  the  eastern  part  of  the 
Study  Area.  Here  Cambrian  and  Ordovician  sedimentary  forma- 
tions dip  gently  in  a southeasterly  direction  to  form  the 
northwesterly  rim  of  the  Michigan  Basin.  These  rocks  are 
mainly  sandstones,  dolomites,  and  limestones.  A few  iso- 
lated outcrops  of  Paleozoic  rocks  occur  elsewhere  within  the 
Study  Area. 

Throughout  most  of  the  Study  Area,  the  bedrock  sequence  is 
mantled  by  Quaternary  glacial  deposits.  Both  the  Paleozoic 
rocks  and  the  glacial  deposits  are  of  less  importance  than 
the  Precambrian  rocks  in  the  context  of  past  and  future  min- 
eral production. 

Mining  Districts  and  Mineral  Deposits 
Metallic  Minerals 

Iron:  Four  distinct  stratigraphic  units  of  iron-rich  rock 

have  been  identified  in  the  Huronian  section.  Three  of 
these  "iron  formations"  have  been  the  sources  of  most  of  the 
iron  ore  mined  in  the  Upper  Peninsula.  The  most  productive 
unit  has  been  the  Negaunee  Iron  Formation,  a unit  also  known 
as  the  Vulcan  Iron  Formation  and  the  Ironwood  Iron  Formation 
in  other  parts  of  the  region.  The  Riverton  Iron  Formation 
has  been  the  second  largest  producer,  while  significant 
amounts  of  ore  also  have  been  mined  from  the  Bijiki  Iron 
Formation.  The  iron  formations  and  associated  rocks  are 
complexly  folded,  and  large  volumes  of  these  units  clearly 
have  been  removed  by  erosion.  Consequently,  the  original 
areal  extents  and  the  stratigraphic  relationships  among  the 
iron  ore  formations  are  matters  of  speculation.  Six  of  the 
seven  major  iron-producing  districts,  or  "iron  ranges,"  of 
Michigan  are  within  the  Study  Area.  These  six  iron  ranges; 
1)  Marquette,  2)  Gwinn,  3)  East  Menominee,  4)  Felch,  5) 
Iron  River-Crystal  Falls,  and  6)  Amasa  Oval,  are  shown  on 
Figure  2. 

Important  features  of  each  of  these  six  major  iron  ranges 
are  summarized  in  Table  1 and  shown  in  Figure  2.  Each 
district  is  briefly  described  in  the  following  text. 

o Marquette  Iron  Range  - The  Marquette  Iron  Range  is  a 
tightly  folded  basin  of  iron-bearing  units  and  asso- 
ciated rocks  approximately  33  miles  long  and  3 to  6 
miles  wide.  The  major  axis  of  this  basin  trends  almost 
east-west  and  dips  gently  to  the  west.  A segment  of 
the  basin,  separated  from  the  main  part  of  the  range 
by  faulting,  is  located  near  Palmer,  and  is  called  the 
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Table  1.  SUMMARY  OF  KNOWN  INFORMATION  ON 
IRON  MINING  DISTRICTS  WITHIN  THE  STUDY  AREA 


District 

Activity 

Formations 

Mined 

Past  Recorded 
Production 
(lonq  tons) 

1974 

Estimated 
Reserves 
(millions 
of  tons) 

Marquette 

active 

Negaunee 

Bijiki 

Greenwood 

through  1974  ~ 
427,183,498 

Gw  inn 

inactive 

Riverton 

12,785,000  _ 

■ 1 / , 4ob 

East 

Menominee 

inactive 

Vulcan 

Felch 

active 

Vulcan 

through  1974 

1,800 

Iron  River- 
Crystal  Falls 

active 

(Sherwood?) 

Riverton 

311,232,305 

Amasa  Oval 

inactive 

Amasa 

( Riverton? )_ 

Only  three  of  these,  the  Marquette,  Iron  River-Crystal  Falls,  and  Felch 
are  still  actively  mined. 


Table  2.  ACTIVE  IRON  MINES  AND  PITS 

Range-Dist 

. Mine 

Company 

Mine  Location 

Marquette 

Empire  (open 
pit-pellets) 

Cleveland  Cliffs  Iron  Co. 
1460  Union  Commerce  Bldg. 
Cleveland,  Ohio  44114 

1 mile  NW  of  Palmer 
in  Sec.  17,  T47N, 

R26W  Marquette  County 

Mather 

(underground- 
direct  shipping 
ore  and  pellets) 

Cleveland  Cliffs  Iron  Co. 
(Operator  for  the 
Negaunee  Mine  Co.) 

1460  Union  Commerce  Bldg . 
Cleveland,  Ohio  44114 

"B"  Shaft,  west  side 
Negaunee,  in  Sec.  1, 
T47N,  R27W,  Marquette 
County 

Republic  (open 
pit-pellets) 

Cleveland  Cliffs  Iron  Co. 
(Operator  for  the 
Negaunee  Mine  Co.) 

1460  Union  Commerce  Bldg. 
Cleveland,  Ohio  44114 

1 mile  S of  Republic 
in  Sec.  7,  T46N, 

R27W,  Marquette  County 

Tilden  (open 
pit  siliceous 
ore  pellets) 

Cleveland  Cliffs  Iron  Co. 
1460  Union  Commerce  Bldg. 
Cleveland,  Ohio  44114 

3 miles  S of  Ishpeming 
in  Sec.  26,  T47N, 

R27W,  Marquette  County 

Iron  River 

-Crystal  Falls 
Sherwood 
(underground- 
direct  shipping 
ore) 

Inland  Steel  Co. 

30  West  Monroe  Street 
Chicago,  Illinois  60603 

1/2  mile  N of  Iron 
River  in  Sec.  23, 
T43N,  R35W,  Iron 
County 

Felch 

Groveland  (open 
pit-pellets) 

The  Hanna  Mining  Co. 
100  Erieview  Plaza 
Cleveland,  Ohio  44114 

3 miles  E of  Randville 
in  Sec.  31,  T42N, 

R29W,  Dickinson 
County 

Amasa-Oval 

, East  Menominee,  Gwinn 

- (Not  Active) 
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Palmer  District.  Another  isolated  segment  of  this 
range,  called  the  Republic  District,  is  located  south 
of  Lake  Michigamme  and  extends  southeast  to  Republic. 
The  Negaunee  Iron  Formation  is  the  principal  source  of 
iron  ore  in  this  district. 

The  Negaunee  is  underlain  by  a series  of  quartzites, 
dolomites,  and  slates  that  crop  out  around  the  peri- 
meter of  the  basin.  The  strata  above  the  Negaunee 
consist  of  quartzites,  slates,  volcanics,  and  a thin- 
ner, lower  grade  iron  formation,  the  Bijiki.  (Refer  to 
Appendix  A for  listing  of  individual  mines  located  on 
the  Negaunee  and  Bijiki  iron  formations.)  Strata  within 
the  basin  generally  dip  toward  its  major  axis  at  30- 
70°,  but  in  some  places  the  strata  have  an  almost 
vertical  attitude. 

Most  of  the  iron  ore  produced  has  been  mined  at  the 
east  end  of  the  range.  Four  general  types  of  iron  ore 
which  have  been  produced  and  shipped  from  the  Marquette 
Iron  Range  are  1)  high  grade,  direct  shipping  "soft" 
ores;  2)  high  grade,  direct  shipping  "hard"  ores;  3) 
siliceous  ores;  and  4)  concentrates  and  agglomerates 
(pellets  concentrated  from  low  grade  ores) . Tradi- 
tionally, Lake  Superior  direct  shipping  ores  have  had  a 
base  iron  content  of  51.5%.  Recently,  however,  the 
standards  for  direct  shipping  ores  have  been  upgraded 
and  have  averages  of  54%  iron,  reflecting  a growing 
competition  with  foreign  ores. 

The  Marquette  Range  has  been  and  still  is  the  largest 
iron  producer  of  the  six  ranges.  Total  direct-shipping 
ore  produced  from  1854  through  1974  was  427,183,498 
long  tons.  Although  only  four  mines  are  still  operating 
in  the  area,  production  levels  are  still  high.  Pro- 
duction from  this  district  in  1974  totaled  9,008,916 
long  tons  of  shipping  ore  and  pellets. 

o Gwinn  Iron  District  - The  Gwinn  Iron  District  is  south 
of  the  Marquette  Range  and  due  south  of  the  City  of 
Marquette  (Figure  2) . The  Gwinn  District  is  a basin 
about  6 miles  long  and  from  1 to  2 miles  wide  and  the 
general  trend  of  its  major  axis  is  N45°W.  The  basin  is 
an  isolated  down-folded  remnant  of  sedimentary  rocks 
completely  surrounded  by  granite.  The  iron-bearing 
unit  of  the  basin  is  overlain  by  a thick  slate  series 
and  it  is  very  thin  compared  to  the  other  Michigan 
ranges.  The  phosphorous  content  of  the  ore  is  quite 
high,  which  make  it  less  desirable  than  other  ores  of 
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the  region.  The  area  was  first  explored  in  1869,  and 
the  first  mine  opened  in  1871.  In  the  period  1872- 
1947,  eight  mines  produced  12,785,258  tons  of  ore 
(refer  to  Mineral  Extraction  Data  Map  for  names  and 
locations  of  mines) . Mining  activity  ceased  in  the 
district  in  1947. 

o East  Menominee  Iron  Range  - The  East  Menominee  Iron 

Range  consists  of  two  belts  of  iron  formation  stretch- 
ing 25  miles  between  Iron  Mountain  and  Waucedah  (Figure 
2).  The  belts  are  parallel,  striking  in  an  east- 
southeast  direction  and  dipping  steeply  to  the  south. 

The  northern  belt  is  discontinuous,  with  a 5 mile  gap 
in  the  center.  The  oldest  rock  in  the  local  geologic 
column  is  a granite  gneiss,  which  crops  out  1/2  to  4 
miles  northeast  of  the  northern  iron  formation  belt.  A 
quartzite  lies  s tratigraphically  above  the  granite 
gneiss  and  in  turn  is  overlain  by  a dolomite  that 
underlies  the  iron  formation.  The  iron-bearing  rocks 
are  separated  into  two  strata  by  a thin  slate.  The  two 
iron  formation  beds  are  near  the  ground  surface  through- 
out the  district  because  of  an  apparent  repetition  of 
the  stratigraphic  sequence  by  faulting. 

The  earliest  report  of  the  discovery  of  iron  ore  on  the 
East  Menominee  Range  was  made  in  1848  when  a specular 
ore  was  identified  in  Section  30,  T40N,  R30W.  The 
first  exploration  work  was  done  in  1866,  but  the  first 
shipment  of  ore  was  not  made  until  1874.  Historically 
the  Menominee  Range  is  Michigan's  second  largest  pro- 
ducer of  iron  ore.  No  mines  are  currently  operating  in 
the  Menominee  Iron  Range. 

o Felch  Iron  District  - The  Felch  Iron  District  is  an 
east-west  trending,  tightly  folded  syncline  of  sedi- 
mentary rocks  that  include  iron  formation.  It  extends 
from  west  of  Randville  to  east  of  Felch,  and  is  about  1 
mile  wide  and  15  miles  long.  Four  major  mining  opera- 
tions have  produced  siliceous  ores.  (Consult  map  and 
Appendix  A for  further  details.)  The  stratigraphy  of 
this  district  is  somewhat  similar  to  that  of  the  East 
Menominee  Range.  The  oldest  rock  member  is  a granite 
gneiss  upon  which  rests  a quartzite  overlain  by  a 
dolomite.  Above  the  dolomite  is  a schist,  and  on  top 
of  the  schist  lies  the  iron  formation.  One  open  pit 
mine,  the  Groveland,  currently  is  active  in  this  dis- 
trict, and  it  produces  about  2,000,000  long  tons  of 
pellets  per  year. 
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Iron  River-Crystal  Falls  Iron  Range  - Discovery  of 
iron  ore  in  the  Iron  River-Crystal  Falls  range  was 
credited  to  a United  States  land  survey  in  1851. 

Mining  in  the  area  did  not  begin  until  1882.  The  first 
mine  to  open  was  the  Iron  River  Mine  south  of  the  City 
of  Iron  River.  Most  of  the  ore  produced  from  the  area 
is  a mixture  of  soft  red  hematite  and  yellow  limonite 
with  smaller  amounts  of  hard  blue  hematite.  The  iron- 
bearing rock  unit  of  the  Iron  River-Crystal  Falls  range 
is  found  in  a triangular-shaped  basin  between  the  towns 
of  Iron  River,  Crystal  Falls  and  Florence,  Wisconsin. 
The  formation  is  thought  to  underlie  the  entire  70 
square  miles  of  the  basin.  This  relationship  has  not 
been  completely  substantiated  because  of  thick  glacial 
cover  in  some  areas  (refer  to  Surficial  Geologic  Data 
Map)  as  well  as  the  great  depth  of  the  iron  formation 
in  the  central  part  of  the  basin. 

The  oldest  rocks  in  the  basin  area  are  volcanic  lavas 
that  are  up  to  5 miles  thick  in  some  areas.  The  lavas 
crop  out  along  the  north  and  southwest  sides  of  the 
basin,  as  well  as  along  most  of  the  east  end.  Between 
the  lavas  and  the  iron  formation  (which  is  stratigraph- 
ically  above  the  greenstone)  are  a series  of  mudstones 
or  slates.  The  upper  part  of  these  slates  has  a high 
carbon  content  and  contains  as  much  as  40%  finely 
disseminated  pyrite.  Above  the  iron  formation  is 
another  series  of  slates  and  a graywacke  unit.  This 
entire  series  of  sediments  has  been  squeezed  into  a 
tightly  folded  basin. 

Most  of  the  mining  in  the  Michigan  part  of  the  range 
has  been  in  the  immediate  vicinity  of  Iron  River  and 
Crystal  Falls,  at  the  apices  of  the  basin  and  on  the 
limb  extending  south  from  Crystal  Falls.  The  ore 
appears  to  be  concentrated  in  the  lower  part  of  the 
iron  formation.  Most  of  the  ore  produced  from  this 
range  was  mined  at  depths  shallower  than  the  mines  of 
the  Marquette  and  Gogebic  Ranges;  however,  in  some 
areas,  iron  has  been  mined  to  depths  greater  than 
2,000'.  Unlike  the  softer  ores  of  the  Marquette  and 
Gogebic  Ranges,  the  ores  of  the  Iron  River-Crystal 
Falls  Range  are  comparatively  hard.  Most  of  the  ore- 
bearing  formation  is  nearly  vertical  in  attitude. 

One  underground  mine,  the  Sherwood,  currently  is  oper- 
ating in  the  Iron  River-Crystal  Falls  Range.  This  is  a 
small  operation  that  produces  about  400,000  long  tons 
of  direct-shipping  ore  per  year. 
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Amasa  Oval  Iron  Range  - This  range  is  a subsection  of 
the  Iron  River-Crystal  Falls  Range  and  is  located  north 
of  Crystal  Falls.  A relatively  thin  iron  formation 
intersects  the  surface  in  a large  oval  pattern.  Ore 
has  been  produced  in  the  vicinity  of  Amasa  and  east  of 
Crystal  Falls.  This  district  is  of  minor  economic 
importance . 

Gold:  In  1880,  Julius  Ropes  discovered  a gold-bearing 

quartz  vein  northwest  of  the  town  of  Ishpeming.  This  dis- 
covery prompted  further  exploration  in  the  immediate  area, 
and  other  gold  mines  were  developed  in  the  1880s  and  1890s. 
Other  gold  mines  in  the  vicinity  of  Ishpeming  having  re- 
corded production  are  the  Michigan,  Gold  Lake,  Superior, 
Peninsula,  and  Fire  Center.  Many  smaller  discoveries  of 
gold  were  made  in  this  area,  but  none  developed  beyond  the 
stage  of  prospects.  (Refer  to  Appendix  A for  listing  of 
other  gold  prospects  and  locations.)  Of  the  above-mentioned 
mines,  the  three  largest  gold  producers  were  the  Ropes, 
Michigan,  and  Fire  Center  Mines.  The  Ropes  gold  mine  was 
recently  acquired  by  Callahan  Mining  Company  of  New  York, 
who  conducted  an  exploration  and  evaluation  program  on  the 
property.  Resumption  of  production  is  not  anticipated  in 
the  near  future. 

All  of  the  mines  and  prospects  are  located  in  the  Dead  River 
Greenstone  Belt  in  northern  Marquette  County.  The  rocks  of 
this  greenstone  bel/t  are  classified  into  two  groups,  the  Mona 
schist  and  Kitchi  fichist.  The  Mona  schist  is  thought  to  be 
the  older  of  the  two,  and  consists  predominantly  of  basal- 
tic lava  flows  with  lesser  amounts  of  mafic  tuff.  The  Kitchi 
schist  is  made  up  of  intermediate  to  felsic  agglomerate  with 
smaller  amounts  of  felsic  tuff  and  basalt.  Since  deposi- 
tion, these  two  sequences  have  undergone  varying  degrees  of 
metamorphism  resulting  from  numerous  episodes  of  magmatic 
intrusion . 

Gold  mineralization  in  the  greenstone  belt  is  associated 
with  systems  of  quartz  veins.  The  Ropes  deposit  occurs  in 
a zone  of  near  vertical  fissures  that  have  been  filled  by 
quartz  veins,  some  of  which  are  as  thick  as  38'.  At  the 
Michigan  deposit,  gold  is  reported  to  occur  with  sulfide 
mineralization  along  the  margins  of  quartz  veins.  Pyrite 
is  the  principal  sulfide,  with  minor  amounts  of  chalcopy- 
rite,  galena,  sphalerite,  and  molybdenite.  The  veins  at 
the  Michigan  vary  in  width  and  geometric  attitude.  The 
Fire  Center  gold  is  associated  with  base  metal  sulfides 
(pyrite  and  arsenopyrite)  in  quartz-sulfide  veins  and  sili- 
cified  shear  zones.  Nugget-sized  specimens  of  native  gold 
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have  been  taken  from  the  Ropes  and  Michigan  Gold  Mines; 
however,  gold  occurs  only  as  fine  disseminations  in  the 
other  mines  and  prospects. 

Gold  also  is  reported  to  occur  in  placer  deposits  within 
the  sands  and  gravels  of  the  Yellow  Dog  Plain  in  northern 
Marquette  County.  To  date,  "mining"  has  been  confined  to 
hand-panning  for  mineral  specimens.  (Refer  to  Anticipated 
Future  Conditions  for  further  discussion  on  the  placer 
gold  deposits  of  the  Yellow  Dog  Plain.) 

Copper : Copper  was  the  first  metal  mined  in  the  Upper  Pen- 

insula of  Michigan.  Approximately  4,000  years  ago,  the 
"copper  culture"  Indians  recovered  native  copper  from  large 
boulders  and  outcrops  in  the  Keweenaw  Peninsula.  No  copper 
mines  have  ever  operated  within  the  Study  Area. 

The  Portage  Lake  Lava  Series  of  Upper  Precambrian  age  is 
the  host  rock  of  one  of  the  richest  copper  producing  areas 
of  the  past.  All  of  the  copper  mines  located  on  the  Port- 
age Lake  Lava  Series  lie  north  of  the  Study  Area.  (See 
Evolution  for  a discussion  of  producing  deposits  north  of 
the  Study  Area  and  potential  areas  of  production  within 
the  region. ) 

Manganese:  Manganese  is  produced  as  a by-product  of  the 

iron  mining  operations.  In  most  of  the  iron  mines,  the  ore 
contains  only  minor  amounts  of  manganese,  but  in  a few 
mines,  the  ore  is  highly  manganiferous . Some  of  the  mines 
noted  for  their  production  of  manganese  are  the  Bengol 
(Cannon),  Rogers,  Chicagon,  Fortune  Lakes,  Bristol, 
Balkan-Judson,  and  the  Mastodon  Mines.  (Refer  to  Appendix 
A for  locations  and  more  detailed  information  on  these 
mines.)  Manganese  occurs  almost  entirely  in  the  mineral 
hausmannite,  which  occurs  as  veins  in  the  iron  ores.  The 
manganiferous  ore  bodies  grade  laterally  and  vertically 
into  the  normal  types  of  iron  ore.  Other  manganiferous 
minerals  present  in  minor  amounts  are  rhodochrosite , susex- 
ite,  seamanite,  and  neotocite.  No  statistics  are  readily 
available  on  total  manganese  production.  James,  et  al . 
1968),  calculated  an  average  manganese  content  of  0.2%  for 
Michigan  iron  ores.  Use  of  this  figure  could  be  mislead- 
ing, however,  as  the  manganese  is  not  distributed  uniformly 
throughout  the  iron  formations. 
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Non-Metalic  Minerals 


Slate : Extensive  deposits  of  slate  occur  in  Baraga  County, 

chleTly  on  the  westerly  side  of  the  Huron  Mountains  near 
Huron  Bay.  From  1975  to  1888,  slate  was  quarried  at  a 
number  of  sites  near  the  small  settlement  of  Arvon . Further 
development  of  this  local  slate  industry  failed  chiefly  be- 
cause of  poor  methods  of  quarrying.  This  slate  is  of  uni- 
form quality  and  texture  and  is  black. 

Quartz : Vein  quartz  was  mined  near  Ishpeming  by  the  Michi- 

gan Quartz  Silica  Company  of  Milwaukee.  The  quartz  was 
ground  to  a fine  powder  and  used  chiefly  for  the  manufac- 
ture of  wood  filler  and  paint.  Some  of  the  product  was  also 
used  in  the  manufacture  of  scouring  polishes.  Analyses 
submitted  by  the  company  stated  that  this  quartz  was  pure 
quality  silica  and  commercially  usable. 

Graphite : Graphite-bearing  slate  occurs  southeast  of  L'Anse 

in  Baraga  County.  Quarries  were  operated  about  9 miles 
southeast  of  the  town  by  the  Detroit  Graphite  Company  and 
by  the  Northern  Graphite  Company  of  L'Anse  during  the  early 
part  of  the  20th  century.  The  ground  graphite  was  used  for 
making  paints.  The  quarries  were  worked  only  intermittently, 
when  a demand  for  graphite  existed,  and  they  were  never 
operated  for  any  continuous  length  of  time,  nor  have  they 
been  operated  in  the  recent  past. 

Crushed  Rock  (Trap  Rock) : There  are  abundant  resources  of 

rocks  suitable  for  crushing  and  use  as  road  base  material 
or  general  fill  within  the  Study  Area.  Rock  currently  is 
quarried  mainly  in  the  Marquette  and  Negaunee  areas  because 
of  the  greater  demand  in  and  around  the  larger  population 
centers.  Currently  the  chief  sources  of  crushed  rock  are 
waste  materials  from  the  copper  and  iron  mines.  The  iron 
formation  rock  from  Marquette  County  is  generally  preferred 
because  it  is  harder  than  the  waste  rock  associated  with 
copper  mines.  The  cost  of  moving  these  materials  to  dis- 
tant markets  limits  this  industry  to  the  immediate  areas 
around  the  mining  districts. 

Sandstone : In  the  past,  sandstone  quarrying  was  an  econ- 

omically  significant  industry  in  Michigan.  One  of  the  bet- 
ter quality  sandstones  was  quarried  from  the  Jacobsville 
sandstone,  in  the  northwestern  part  of  the  Study  Area.  The 
Jacobsville  is  a reddish  sandstone  thought  to  be  either 
Upper  Precambrian  or  Lower  Cambrian  in  age.  Large  scale 
quarrying  of  this  formation  was  carried  on  just  north  of 
the  Study  Area  near  the  Portage  Fntry  in  Houghton  County. 
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Two  smaller  quarrying  sites  exist  within  the  Study  Area 
along  the  eastern  shore  of  Keweenaw  Bay  in  Baraga  County. 

The  decline  of  this  once  profitable  industry  has  been  attri- 
buted to  the  increased  use  of  synthetic  building  materials, 
such  as  cement  and  bricks,  and  to  the  long  haul  distances  to 
the  larger  metropolitan  areas. 

Marble : Parts  of  the  Kona  dolomite  in  the  Marquette  iron 
district  and  the  Randville  dolomite  in  the  Menominee  and 
Crystal  Falls  districts  have  been  metamorphosed  into  dolo- 
mitic  marbles.  These  marbles  vary  in  texture,  and  their 
colors  vary  from  white  to  shades  of  blue,  pink,  green,  and 
brown.  In  many  places,  the  marble  contains  interbeds  of 
slates  and  quartzites,  but  in  a few  areas,  the  rock  is  of 
suitable  quality  for  mining.  Several  small  quarries  have 
been  opened  in  these  two  districts,  but  most  have  failed 
because  of  excessive  costs  due  to  handling  large  amounts  of 
waste  products.  One  quarry,  producing  crushed  marble  for 
decorative  stone,  is  currently  operated  by  Caspian  Con- 
struction Company  in  Dickinson  County. 

A belt  of  altered  peridotite  rocks  approximately  5 miles  in 
length  occurs  northwest  of  Ishpeming  in  Marquette  County. 
These  rocks  have  been  altered  to  an  aggregate  of  serpentine 
and  dolomite,  and  have  been  given  the  name  Verde  Antique 
Marble.  The  rock  is  actually  a serpentine  with  intricate 
veins  and  strings  of  dolomite  running  throughout.  The  color 
of  serpentine  varies  from  olive  to  a dark  forest  green,  with 
the  dolomite  being  generally  white.  The  stone  is  of  high 
quality,  takes  a good  polish,  and  is  used  for  decorative 
building  materials.  Large  amounts  of  Verde  Antique  Marble 
exist  in  the  greenstone  belt.  Around  the  1920s,  a quarry 
operated  about  5 miles  northwest  of  the  City  of  Ishpeming, 
but  it  closed  down  due  to  financial  problems. 

Limestone:  Precambrian  and  Paleozoic  limestones  and  sand- 

stones crop  out  in  the  eastern  portion  of  the  Study  Area. 
(See  Bedrock  Data  Report  for  more  detailed  description  of 
Paleozoic  rocks.)  There  are  large  reserves  of  minable 
limestone,  but  production  in  this  area  has  been  minimal,  as 
the  closest  market  for  this  material  is  in  southern  Michi- 
gan, where  similar  limestone  deposits  exist.  There  cur- 
rently are  two  producing  limestone  quarries  within  the  Study 
Area.  One  small  quarry  is  located  in  the  far  northwest 
corner  of  Delta  County.  Another  operation  of  moderate  size 
is  operated  by  Lindberg  and  Sons  in  central  Marquette 
County.  Because  of  the  sparse  population  in  the  Study  Area, 
these  operations  are  sufficient  to  meet  the  local  demands 
for  crushed  limestone. 
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Granite  and  Feldspar:  Feldspar  and  amphibolite  are  quarried 

by  Caspian  Construction  Company  near  the  towns  of  Felch  and 
Randville  in  Dickinson  County.  These  materials  are  crushed 
bagged,  and  sold  for  decorative  landscaping  stone.  Several 
other  small  quarries,  in  a "semi-active"  status,  are  present 
in  the  Randville-Felch  region.  In  western  Marquette  County, 
a feldspar  quarry  formerly  was  operated  to  provide  material 
for  coating  vitrified  brick  and  certain  kinds  of  tile. 

Feldspar  from  the  western  part  of  the  Northern  Peninsula  has 
also  been  sued  in  the  manufacture  of  pottery,  electrical 
porcelain,  and  various  enameled  wares.  Some  of  the  intru- 
sive granites  might  provide  excellent  monumental  stone  and 
crushed  mineral  materials  if  a demand  were  created  to  war- 
rant expansion  of  the  industry. 

Clays:  The  clays  within  the  Study  Area  are  of  three  general 

origins : 1)  glacial  clays,  2)  lake  clays,  and  3)  river 

clays.  Most  of  these  materials  are  not  pure  clay  minerals, 
but  are  clay-sized  rock  flour  with  varying  amounts  of  mixed 
clays  or  clay-like  minerals.  They  are  termed  clays  from  the 
engineering  standpoint  because  of  their  fine  grain  size. 

In  general,  red  glacial  clays  are  calcarious.  Gray  and 
brown  glacial  clays  and  lake  clays  are  generally  less  cal- 
carious, but  in  areas  where  glacial  deposits  are  rich  in 
limestone  fragments  they  may  contain  a larger  percentage  of 
lime.  River  clays  are  normally  the  least  calcarious. 

Glacial  clay  deposits  contain  pebbles  and  boulders  and  river 
clay  deposits  generally  contain  sand.  However,  the  lake 
clay  deposits  are  comparatively  free  of  coarser  materials. 

Many  of  the  glacial  clays  have  been  mined  for  the  local  man- 
ufacture of  common  brick  and  tile.  Most  of  the  clays  are 
low  grade  or  low  quality.  However,  pockets  of  pottery  clay 
occur  throughout  the  Study  Area  and  have  been  used  locally 
for  the  manufacture  of  fired  ceramics.  Areas  identified  as 
lake  plains  are  potential  sources  of  future  clay  production. 

Sand  and  Gravel:  A vast  mantle  of  glacial  deposits  exist 

within  the  Study  Area.  These  extensive  deposits  could  be 
the  sources  of  supply  of  sand  and  gravel.  Statistics  avail- 
able from  the  Michigan  Department  of  Natural  Resources 
indicate  that  at  least  thirty-six  sand  and  gravel  pits  were 
active  in  the  Study  Area  during  1974.  Numerous  other  abandoned 
or  inactive  pits  exist. 

Roofing  Granules:  In  the  Felch  area  there  have  been  sev- 

eral  roofing  granule  quarries.  The  Harvey  Quarry  near 
Marquette  also  produced  granules  for  a period  of  time. 
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RELATIONSHIP  TO  OTHER  DATA 


There  is  a direct  relationship  between  mineral  deposits  and 
geologic  conditions.  The  distribution  and  character  of  min- 
eral deposits  are  governed  by  bedrock  geologic  conditions, 
or,  in  the  case  of  sand  and  gravel  deposits,  placer  gold, 
etc.,  by  surficial  geologic  conditions.  The  concentration 
of  valuable  minerals  in  specific  locations  within  the  earth's 
crust  is  the  result  of  certain  types  of  geologic  processes, 
such  as  the  intrusion  of  igneous  rocks,  unique  sedimentary 
conditions,  regional  metamorphism,  etc.  Consequently,  a 
definite  relationship  exists  between  various  types  of  min- 
erals and  the  host  rock  (or  environment)  in  which  they  are 
likely  to  be  found.  For  example,  in  the  Upper  Peninsula, 
copper,  molybdenum,  lead,  zinc,  gold  and  silver  deposits  are 
generally  associated  with  greenstone  belts,  while  the  iron 
formations  occur  within  the  Middle  Precambrian  sedimentary 
rocks . 

The  location  of  mines  within  the  Study  Area  is  an  obvious 
indication  of  the  locations  of  some  of  the  deposits,  but  is 
also  dependent  on  other  factors.  The  thickness  of  glacial 
deposits  has  a great  influence  on  the  potential  for  discovery 
of  minerals  present  in  the  bedrock  sequence,  and,  after  dis- 
covery, on  the  economics  of  extraction.  Exposed  mineral  con- 
centrations are  obviously  more  easily  located  than  those 
buried  beneath  appreciable  thicknesses  of  glacial  cover. 

Even  where  modern  geophysical  exploration  methods  have  indi- 
cated that  mineral  concentrations  may  be  present  at  depth, 
the  cost  of  drilling  through  overburden  to  prove  out  re- 
serves can  be  prohibitive.  Equally  important  may  be  the 
cost  of  stripping  off  the  glacial  deposits  to  get  at  the 
ore . 

Ground  water  conditions  also  have  a significant  influence  on 
the  feasibility  of  developing  and  operating  both  open  pit 
and  underground  mines.  Where  large  flows  of  water  enter  the 
workings,  the  cost  penalties  associated  with  pumping  may  be 
sufficient  to  make  the  operation  uneconomic.  Mining  oper- 
ations may  also  affect  ground  water  levels  in  the  immedi- 
ate vicinity  of  mines  and  the  quality  of  surface  flows  and/ 
or  ground  water  if  the  discharge  of  contaminated  water  used 
in  procesing  is  not  controlled. 

The  location  of  the  mining  and  mineral  resources  industry 
obviously  has  had  a large  effect  on  the  pattern  of  land  use 
of  the  entire  Study  Area.  Many  towns  and  cities  have  been 
established  because  of  the  presence  of  deposits  that  could 


25 


be  exploited  in  the  immediate  vicinity.  Land  values  are 
also  definitely  influenced  by  the  presence  of  extractable 
ores.  Conversely,  the  presence  of  former  mining  areas  may 
have  an  adverse  effect  on  land  values  because  of  strippings, 
tailings  deposits,  etc.,  left  on  the  land  surface.  In  a few 
areas,  caving  into  old  underground  workings  is  affecting 
developed  areas.  Some  portions  of  Negaunee  are  affected  by 
this  problem,  which  has  necessitated  the  closing  of  some 
streets. 
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VALIDITY 


General  Procedures  and  Data  Sources 


The  Mineral  Extraction  Data  Map  represents  an  effort  to 
compile  all  available  maps,  reports,  professional  papers, 
unpublished  private  papers,  unpublished  thesis  work,  and 
personal  communications  with  resident  geologists  familiar 
with  potential  mineral  resources  within  the  Study  Area,  into 
an  accurate  and  up-to-date  representation  of  known  and 
potential  mineral  resources. 

Sources  used  were  compiled  by  consulting  bibliographic  in- 
dices published  by  the  U.  S.  Geological  Survey  and  The  Mich- 
igan Geological  Survey,  as  well  as  the  Bibliography  of  Cur- 
rent Research  of  the  Geology  of  the  Lake  Superior  region, 
and  Indices  to  Michigan  Geologic  Theses.  The  associated  map 
indices  of  these  publications  were  also  consulted  for  mine 
locations.  All  publications  consulted  are  listed  on  the 
accompanying  bibliography. 

Much  valuable  information  and  general  guidance  was  provided 
by  Drs.  J.  Kalliokoski,  S.  Nordeng  and  B.  Hamil,  Professors 
of  Geology  at  Michigan  Technological  University;  Mr.  Gerald 
Anderson,  Chief  Geologist,  Cleveland  Cliffs  Iron  Company, 
Ishpeming;  Messrs.  Kenneth  Gravelle  and  Jack  Van  Alstine, 
Geologists  with  the  State  of  Michigan,  Escanaba  Office;  Mr. 
Robert  Reed,  Geologist  with  the  State  of  Michigan,  Lansing; 
Messrs.  William  A.  Todd  and  Willard  Bodwell,  Longyear  Realty 
Company,  Marquette;  Mr.  Robert  Winston,  Geologist,  Groveland 
Mine;  and  Mr.  Robert  Edwards,  Superintendent,  Sherwood  Mine. 

As  would  be  expected,  much  of  the  information  developed  by 
private  industry  pertaining  to  mineral  deposits  is  confi- 
dential. It  is  possible  that  some  of  this  information  may 
be  made  available  at  a later  time.  However,  it  is  likely 
that  a substantial  body  of  information  dealing  with  both 
proven  reserves  and  areas  with  potential  for  future  devel- 
opment will  remain  unavailable  for  the  foreseeable  future. 

Data  Reliability 

Data  pertaining  to  existing  mines,  including  their  locations, 
size,  minerals  mined,  and  past  production  records  are  thought 
to  be  relatively  accurate.  Information  on  reserves  and 
areas  with  potential  for  future  development  of  mineral 
resources  is  much  less  reliable  in  that  it  represents  only  a 
compilation  of  that  information  which  is  published  or  was 
made  available  by  those  consulted. 
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Because  an  area  has  not  been  delineated  as  a future  poten- 
tial area  does  not  necessarily  mean  it  is  barren  and  of  no 
value.  More  likely  it  means  that  it  has  not  been  properly 
explored  for  reasons  such  as  deep  glacial  overburden,  inac- 
cessibility because  of  poor  roads,  difficult  topography, 
private  ownership,  or  absence  of  financing  for  exploration, 
etc.  It  also  could  mean  that  data  do  exist  but  have  not 
been  released  by  private  industry.  Figure  3 shows  the 
distribution  of  known  detailed  mapping  as  well  as  areas 
subjected  only  to  geologic  reconnaissance. 
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Fair  oubcrop  reconnaissance  data  only 
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IRON  MINES,  GOLD  MINES,  AND 


MISCELLANEOUS  QUARRY  AND  PIT  OPERATIONS 


Appendix  A is  a listing  of  iron  mines,  gold  mines,  and  miscel- 
laneous quarry  and  pit  operations  for  various  minerals  such 
as  dolomite,  feldspar,  marble,  sand,  gravel,  etc.  This  ap- 
pendix provides  additional  information  on  the  mines  and  min- 
eral extraction  locations  shown  on  the  Mineral  Extraction 
Data  Map. 

Iron  mines  are  listed  numerically  and  are  identified  by  the 
corresponding  numbers  on  the  Mineral  Extraction  Data  Map. 

Gold  mines  with  recorded  production  are  listed  alphabeti- 
cally and  are  identified  by  the  corresponding  letters. 

Because  of  the  high  density  of  mine  locations  in  some  por- 
tions of  the  Study  Area,  it  was  not  possible  to  individu- 
ally label  all  the  locations  that  are  listed  in  Appendix  A. 
Therefore,  some  mining  areas  that  include  many  individual 
mines  have  been  shown  on  the  map  as  areas  identified  by 
capital  letters.  A list  of  those  lettered  areas  and  the 
mines  within  each  of  them  follows.  In  addition  to  mines  that 
are  individually  identified  on  the  map.  Area  D also  contains 
precious  and  base  metal  occurrences  of  the  metals  listed  in 
the  table. 


Iron  Mines  and  Metallic  Elements  within  lettered 
Areas  areas  on  the  Mineral  Extraction  Data  Map 


A 

55, 

92,  126,  129, 

136, 

151, 

155, 

159, 

164 

B 

56, 

63,  74,  82,  85 

, 90, 

120, 

132, 

149, 

163 

, 169 

C 

Au , 

Cu,  Mo,  Pb,  Zn 

D 

43- 

44,  47,  49,  51, 

52-54,  57 

-60, 

61-62 

, 64 

-66, 

67- 

69,  71-73,  75-76,  78 

-81, 

86-89 

, 91, 

93- 

95, 

96- 

104,  106-111,  113-116,  11 

7-124 

, 125 

, 12 

8, 

131 

, 133-135,  137, 

139, 

141- 

143, 

145-148, 

150, 

152 

, 156,  158,  160 

-162, 

166- 

168 

E 

174 

, 176-179,  181, 

186- 

190, 

192, 

194  , 

198, 

201 

-203,  207-209, 

211, 

215, 

222  , 

226-227, 

230, 

233 

, 245,  250,  261 

-262, 

264- 

265, 

267, 

274, 

277, 

279 

, 282-288 

F 

170 

, 175,  180,  193 

, 200 

, 204 

, 212 

, 217 

-218 

, 221 

224 

, 228,  234-236, 

238  , 

242, 

248  , 

251, 

253 

-254, 

259 

-260,  266,  270, 

278 

G 

172 

, 182,  184,  196 

-197, 

205- 

206, 

214, 

240, 

247, 

249 

, 255-256,  258, 

263, 

268, 

275 
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